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By John K.  Burton 

1 . 0  SUMMARY AND INTRODUCTION 

The purpose of t h i s  i n t e r n a l  note  i s  t o  present  landing  d isper -  
s ions  f o r  G&N con t ro l l ed  e n t r i e s .  The e r r o r  sources  considered i n  t h e  
landing  d i spe r s ion  a n a l y s i s  were hardware e r r o r s ,  i n i t i a l  s ta te  vec to r  
e r r o r s ,  naviga t ion  e r r o r s ,  and con t ro l  e r r o r s .  Hardware e r r o r s  were 
obtained from reference  1. 
k3.80 n.  m i .  i n  t h e  down-range and cross-range d i r e c t i o n s  were obtained 
from t h e  roo t  sum squares  of  t h e  3a landing  e r r o r s  of t h e  e r r o r  sources  
considered.  

Landing e r r o r s  of k 4 . 5 0  n. m i .  and 

2 .0  DISCUSSION OF ERRORS 

Based on t h e  Apollo 1 0  (Mlssion F)  l a  MSFN t r a c k i n g  accuracy 
covariance matr ix  a t  e n t r y  i n t e r f a c e  ( t a b l e  I ) ,  t h e  3a landing’ po in t  
errors a r e  kO.59  n. m i .  i n  down range and k 0 . 2 6  n. m i .  i n  cross-range. 
These landing e r r o r s  a r e  f o r  i n i t i a l  s t a t e  vec to r  e r r o r s  only and are 
based on landing e r r o r  s e n s i t i v i t i e s  presented i n  re ference  2.  

The hardware e r r o r s  which have t h e  g r e a t e s t  e f f e c t  on t h e  landing 
po in t  are 30 gyro b i a s  d r i f t  r a t e s ,  accelerometer  b i a s  e r r o r s ,  and p l a t -  
form misalinements.  Consis tent  with t h e  Apollo 10 (Mission F) t i m e  l i n e  
for platform alinement 1 . 5  hours p r i o r  t o  e n t r y  i n t e r f a c e  and f o r  average 
g naviga t ion  i n i t i a t i o n  19 minutes p r i o r  t o  e n t r y  i n t e r f a c e ,  t h e  root -  
sum-square (RSS) landing poin t  e r r o r s  caused by t h e  hardware e r r o r s  
considered are 24.40 n. m i .  down range and 23.53 n .  m i .  c ros s  range. 

Var ia t ions  i n  landing caused by atmospheric d e n s i t y ,  CM weight,  
and CM L/D v a r i a t i o n  a r e  neg l ig ib l e  because t h e  CM L/D i s  wi th in  t h e  
range requi red  t o  assure  cont ro l led  en t ry .  

The CMC navigat ion l o g i c  uses a r e l a t i v e l y  simple numerical 
i n t e g r a t i o n  technique t h a t  r e s u l t s  i n  a bias naviga t ion  e r r o r  (ref. 2 ) .  
This  b i a s  e r r o r  gives  t y p i c a l  landing e r r o r s  of 0.20 n .  m i .  and 
0.02 n. m i .  i n  t h e  down-range and cross-range d i r e c t i o n s ,  r e spec t ive ly .  
I t  i s  a l s o  noted i n  re ference  2 t h a t  a random landing e r r o r  r e s u l t s  
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from CM con t ro l  e r r o r s .  Based on 191 e n t r y  s imula t ions ,  t h e  3a c o n t r o l  
e r r o r  s tandard dev ia t ions  a r e  0.72 n.  m i .  i n  t h e  down-range d i r e c t i o n  
and 1.38 n.  m i .  i n  t h e  cross-range d i r e c t i o n .  

The RSS o f  t h e  3a landing  e r r o r s  f o r  each of t h e  e r r o r  sources 
considered r e s u l t  i n  landing  d i spe r s ions  of 24.50 n.  m i .  and 
53.80 n. m i .  i n  t h e  down-range and cross-range d i r e c t i o n s ,  r e spec t ive ly .  

3.0 ENTRY GUIDANCE PERFORMANCE 

One of the  most c r i t i c a l  parameters used i n  t h e  e n t r y  guidance 
l o g i c  i s  a l t i t u d e  r a t e .  Large u n c e r t a i n t i e s  i n  t h i s  parameter at  en t ry  
i n t e r f a c e  can cause high en t ry  loads  o r  uncont ro l led  s k i p s  out of t h e  
atmosphere. The bes t  es t imate  of t h e  al lowable a l t i t u d e  r a t e  uncer- 
t a i n t y  i s  2200 fps'. Although t h i s  a l lowable unce r t a in ty  may be updated, 
it w i l l  not  change s i g n i f i c a n t l y .  The 3a unce r t a in ty  i n  a l t i t u d e  
r a t e  a t  en t ry  i n t e r f a c e  caused by MSFN t r a c k i n g  inaccuracy i s  23.91 f p s .  
T h i s  uncer ta in ty  i s  r e l a t i v e l y  s m a l l  and can be handled e a s i l y  by t h e  
e n t r y  guidance. 

The devia t ions  of a c t u a l  s ta te  vec to r s  a t  e n t r y  i n t e r f a c e  a r e  
presented  i n  t a b l e  11. The dev ia t ions  are r e l a t i v e l y  s m a l l  and w i l l  
not  s i g n i f i c a n t l y  a f f e c t  t h e  performance of t h e  e n t r y  guidance i n  
a t t a i n i n g  t h e  t a r g e t  po in t .  For i n s t a n c e ,  t h e  s tandard  dev ia t ion  of 
t h e  f l i gh t -pa th  angle a t  en t ry  i n t e r f a c e  i s  0.065'.  
w e l l  w i th in  t h e  en t ry  c o r r i d o r  bounds of +1.25' and -0.75' about t h e  
nominal -6.5' f l i gh t -pa th  angle  f o r  t h e  l u n a r  r e t u r n  speed. 
covariance matrix of s t a t e  vec tor  dev ia t ions  a t  e n t r y  i n t e r f a c e  i s  
presented i n  t a b l e  111. To ta l  hea t  and hea t ing  ra te  dev ia t ions  caused 
by e r r o r s ,  u n c e r t a i n t i e s ,  and dev ia t ions  are considered minor and 
w i l l  cause no problem. 

This  dev ia t ion  i s  

The 

4.0 CONCLUSION 

I n  summary, t h e  RSS 3a landing e r r o r s  of t h e  e r r o r  sources  con- 
s ide red  r e s u l t  i n  landing d i spe r s ions  of 24.50 n.  m i .  and 23.80 n. m i .  
i n  t h e  down-range and cross-range d i r e c t i o n s ,  r e s p e c t i v e l y .  Deviations 
i n  t h e  s t a t e  a t  e n t r y  i n t e r f a c e  w i l l  not cause s i g n i f i c a n t  hea t ing  o r  
performance problems. 
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TABLE 11.- ACTUAL DEVIATIONS AT E1 AFTER 

LAST TRANSEARTH MIDCOURSE 

Par ame t e r 

Actual e n t r y  f l i g h t -  
pa th  a n g l e ,  deg 

Actual  devia t ion  i n  
e n t r y  speed, f p s  

Actual  devia t ion  i n  
e n t r y  longi tude ,  deg 

Actual  devia t ion  i n  
e n t r y  l a t i t u d e ,  deg 

Actual  devia t ion  i n  
e n t r y  azimuth, deg 

Nominal 

-6.487 

0 

Mean 

-6.486 

1.4 

- .02 

.01 

.01 

Standard 
d e v i a t i o n  

0.065 

5 - 2  

.60 

.22 

* 49 

Low 
va lues  

-6.657 

-12.9 

-2.11 

- -63 

-1.41 

High 
v a l u e s  

-6.306 

17.4 

1.39 

* 51 

1.15 

c 
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